This paper examines whether various factors suggested in standard finance can explain the excess returns of portfolios formed on size and book-equity-to-market equity (BE/ME) in Japan. First, we find that, unlike for the US, five risk factors, comprising the three Fama−French factors and the momentum and reversal factors of Chan et al. (1998 Chan et al. ( , 2001 , cannot adequately explain the return premia in Japan. Namely, statistically significant positive alphas were observed for the excess returns of all 25 Fama−French (1996) type portfolios, formed on the basis of size and BE/ME ratios. Second, the representative macroeconomic factors of Chen et al. (1986) cannot explain the positive alphas left unexplained by the five risk factors. Third, not only is there little contemporaneous relationship between the alphas left unexplained by the five risk factors and the representative macroeconomic factors of Chen et al. (1986) but also there is little evidence of any causal relationship between these macroeconomic factors and the alphas. Thus, for Japan, unlike for the US, well-known risk factors and macroeconomic factors cannot adequately explain the return premia.
Introduction
The behavioral finance literature, including Lakonishok et al. (1994) , Daniel and Titman (1997) , and attacked the Fama and French (FF) (1993; 1996) model (Note 1), which is categorized as one of the standard finance models. This categorization reflects FF's (1993; 1996) explanation that because in their model, high-minus-low (HML) and small-minus-big (SMB) are the standard finance risk factors, which explain the risk premia uncaptured by the simplest traditional capital asset pricing model (CAPM), they should be the standard factors that explain equity returns within the field of standard finance.
In contrast to the above insistence, however, we should point out that the effectiveness of SMB and HML seems to be anomalous because they are derived from two kinds of anomalies, namely, the size and book-equity-to-market equity (BE/ME) anomalies.
Using US data, FF (1996) demonstrated that FF's three-factor model explains much of the cross-sectional return variation in portfolios formed on the basis of size and BE/ME. Subsequently, Chan et al. (2001) proposed a risk adjustment based on five risk factors, adding to the three FF factors the momentum factor of Jegadeesh and Titman (1993) and the reversal factor of DeBondt and Thaler (1985) . Therefore, it appears that the three FF factors, when combined with the momentum and reversal factors, explain almost all excess return dispersion of common stock or equity portfolios in the US. On the basis of the evidence from FF (1996 FF ( , 2006 and Chan et al. (2001) , when the above five risk factors are applied, the Jensen's (1968) alphas of the excess returns of 25 FF (1996) type size-and BE/ME-sorted stock portfolios are zero in the US. (Note 2) Third, not only is there little contemporaneous relationship between the alphas left unexplained by the five risk factors and the representative macroeconomic factors of Chen et al. (1986) but also there is little evidence of any causal relationship between these macroeconomic factors and the alphas. Hence, it also seems to be difficult to explain the return premia of portfolios formed on size and BE/ME in Japan by conditioning on macroeconomic information.
The rest of this paper is organized as follows. In Section 2, we describe the testing models and methodology. In Section 3, we describe the data used. In Section 4, we discuss the empirical results, and Section 5 provides an interpretation and implications. Section 6 concludes the paper.
Models and Methodology
We use four testing models in this paper. The first is the following FF (1993 FF ( , 1996 model (1): , , , 
where R M,t −R f,t is the market factor, SMB t is the small-minus-big factor, and HML t is the high-minus-low factor of FF (1993, 1996) .
The second model is the following risk adjusted model used by Chan et al. (2001) : 
where UMD t and WML t are the momentum and reversal factors constructed and used by Chan et al. (1998) . They insisted that risk adjustment should be carefully conducted based on five factors in model (2).
The next two testing models use the macroeconomic factors of Chen et al. (1986) . Namely, Model (3) Chen et al. (1986) , the following variables are constructed by using Japanese data: macroeconomic factors of MPSA, the monthly growth rate of seasonally adjusted industrial production; UI, unanticipated inflation; DEI, the change in expected inflation; URP, the series for the risk premium (credit spreads); and UTS, the series for the term structure. (Details are provided in the next section.)
Finally, the fourth model is as follows: Following FF (1993 FF ( , 1996 , we also use the returns of 25 portfolios formed based on size and BE/ME ratios. Complete explanations of data sources and the methods used to construct the five factors, comprising the three FF factors and the momentum and reversal factors are in Appendix A.
Macroeconomic factors
Regarding the macroeconomic factors, we construct the factors of Chen et al. (1986) using Japanese data. First, by seasonally adjusting the monthly index of industrial production, which is from the Ministry of Economy, Trade, and Industry, we construct the seasonally adjusted series of industrial production, IPSA(t). Then we construct the innovations (growth rates) (Note 7) of industrial production MPSA(t) by computing the first difference of IPSA(t) in logarithms:
For inflation, to derive an expected inflation series, we used the Fama and Gibbons (1984) methodology as used by Chen et al. (1986) and Hamao (1988) . First, we define I(t) as the monthly first-order log of the realized consumer price index (CPI), obtained from the Ministry of Internal Affairs and Communications, and define E[· |t] as the expectations operator, conditional on information held at the end of month t. Then, following Chen et al. (1986) and Hamao (1988), we define unanticipated inflation UI and the change in expected inflation DEI as follows: Third, for the risk premiums (credit spreads), (Note 9) as did Chen et al. (1986) , we use the spread between corporate bond yields and long-term government bond yields. However, because so few 'BAA and under' bonds have been issued in Japan, we calculate the series for this risk premium, URP, as URP(t) = BD(t) − GB(t), where BD denotes the yield of the Nikkei Bond Index (long term) from Nikkei, Inc. and GB denotes the Japanese 10-year government bond yield from the Bank of Japan.
Fourth, for the term structure, also following Chen et al. (1986) , we use the yield spread between long-term bonds and the risk-free rate, UTS(t) = GB(t) − R f (t −1).
Fifth, for consumption, we use time-series data on real consumption changes, CG, following Chen et al. (1986) . CG is the innovation (growth rate) in real per capita seasonally adjusted private consumption and is constructed by dividing data on seasonally adjusted real consumption from the Government of Japan by the corresponding population estimates from the Ministry of Internal Affairs and Communications.
Following Chen et al. (1986) , we measure innovations in oil prices, OG, by constructing the first difference in the logarithm of the domestic corporate goods price index (petroleum coal products) from the Bank of Japan. Summary statistics for the above risk factors and macroeconomic factors are in Appendix B.
Empirical Results

The limits of risk factors in explaining the return premia
With regard to the explanatory power of their three-factor model, FF (1996) insisted that the three-factor model captures much of the anomalous cross-sectional variation in average stock returns. To justify this, using US data, FF (1996) showed that, when applied to the excess returns of 25 portfolios formed by size and BE/ME ratios, the intercepts of model (1), were not statistically significantly different from zero.
To test the effectiveness of the FF model for Japan, we perform a parallel test by using Japanese data from October 1981 to April 2005. The results are shown in Table 2 , and they are very different from those for the US. The 25 intercepts are all positive and statistically significant at the 1% level, except one, which is significant at the 5% level in a size-4 and BE/ME-2 portfolio. Furthermore, the average absolute value of the 25 intercepts is 0.72 percent (72 basis points) per month, and this figure is substantially larger than that for the US reported in Table I of FF (1996) . In addition, the average adjusted R-squared from the 25 regressions is 0.83 for Japan, which is below the corresponding US value reported in Table I of FF (1996) . Thus, unlike in the case of the US, the three-factor model of FF (1993) has unexplained positive excess returns; i.e., there are positive alphas for Japan, which average 8.64 percent (864 basis points) per year.
To examine the robustness of these estimated positive alphas for Japan, we incorporate into our analysis the momentum and reversal factors of Chan et al. (1998 Chan et al. ( , 2001 , UMD and WML. That is, we estimate regression (2) by using the 25 portfolio returns formed by size and BE/ME. The results reported in Table 3 are similar to the results from the three-factor model (1). All 25 intercepts are positive and statistically significant at the 1% level, except one that is significant at the 5% level, in a size-4 and BE/ME-2 portfolio. Furthermore, the average value of the 25 intercepts is 0.73 percent (73 basis points) per month. The average adjusted R-squared from the 25 regressions of 0.84 indicates that model (2) has little more explanatory power than the three-factor model (1). Hence, the momentum and reversal factors, UMD and WML, hardly contribute to eliminating the alphas that are left unexplained by the FF model for Japan.
Thus, our rigorous analysis shows that there are positive alphas for Japan. This suggests that Japan's dynamics in return premia differ from those of the US.
The limits of macroeconomic factors in explaining the return premia
In the preceding subsections, we obtained robust evidence of positive alphas in Japan. Hence, we here test the explanatory power of the macroeconomic factors used by Chen et al. (1986) 
Specifically, we first estimate regression (3) using the five macroeconomic factors of Chen et al. (1986) .
The regression results are reported in Table 4 . There are slightly fewer statistically significant positive alphas than in models (1) and (2). Nevertheless, 24 positive alphas remain. In addition, only four of the coefficients of the five macroeconomic factors are statistically significant for MPSA, only two are statistically significant for DEI, only four are significant for URP, and only one is significant for UTS; the other cases of five macroeconomic factors explain none of the dynamics of the positive alphas in Japan. Furthermore, the adjusted R-squared values of the 25 regressions are quite low, as Table 4 shows. Thus, overall, there is little contemporaneous relation between the alphas and the five Japanese macroeconomic factors.
Next, for further analysis, by adding two factors for CG and OG, we estimate regression (4) by using the seven macroeconomic factors of Chen et al. (1986) . The results are shown in Table 5 . Again, there are slightly fewer statistically significant positive alphas than in models (1) to (3). However, as in model (3), 24 positive alphas remain. Also similarly to model (3), only four of the coefficients of the seven macroeconomic factors are statistically significant for MPSA, only two are statistically significant for DEI, only four are significant for URP, and only one is significant for UTS and CG. Therefore, neither of the two added macroeconomic factors can explain the dynamics of the positive alphas, except in only one case in which there is a weak statistically significant effect of CG. Furthermore, the adjusted R-squared values of the 25 regressions are again quite low, as Table 5 shows. Thus, overall, there is little contemporaneous relation between the alphas left unexplained by the risk factors and the seven Japanese macroeconomic factors.
What is then the nature of the intertemporal relationships between the macroeconomic factors and the positive alphas in Japan? To investigate the intertemporal relationships, in Table 6 we report the results for Granger causality from the seven macroeconomic factors to the average value of alphas left unexplained by the three FF factors, momentum factor, and reversal factor. As Table 6 shows, for the seven Chen et al. (1986) macroeconomic factors, there is evidence of only one causal relation from MPSA to the average alpha. This causality is recognized in all cases for lags 1 to 5 (Panel A to E).
On the basis of the results, to check the response direction of the shocks from MPSA to the average values of the 25 alphas, we show the impulse responses of the alpha to shocks from MPSA in Figure 1 . Figure 1 shows that, in general, response directions from MPSA to the alphas are unstable for all lags and thus it is difficult to judge whether the effects of MPSA are positive or negative. Therefore, although a causal relation from MPSA to the alphas is apparent in Table 6 , it would be difficult to use this information on the MPSA to forecast the direction of the movements in the alphas in Japan.
Therefore, given the results in Table 6 and Figure 1 , we suggest that even if intertemporal relations are considered, macroeconomic information does not adequately explain the return premia of portfolios formed on size and BE/ME in Japan.
Interpretation and Implications
This section discusses the interpretation and implications of our results. First are the arguments regarding risk adjustments. As mentioned before, in the US, as Chan et al. (2001) suggested, when the five risk factors (three FF, momentum, and reversal factors) are applied, the risk adjustment for the excess stock returns is generally completed. However, as our evidence demonstrates, risk adjustment by the above five factors does not operate in Japan. Thus, as an important implication, if the returns of portfolios, sorted according to certain firm characteristics or accounting measures, exhibit the positive alphas after risk adjustment by the five factors as in Chan et al. (2001), we cannot judge that it is the evidence of the special additional return premia linked to those firm characteristics or accounting measures in Japan.
Second, as far as we can judge by monthly data as in Chen et al. (1986) , return premia show autonomous dynamics that are not strongly affected by the innovations of macroeconomic factors. Of course, we did not test all macroeconomic factors other than the traditional seven factors suggested by Chen et al. (1986) ; however, in a general sense, the evidence that numerous factors, namely five risk factors and seven macroeconomic factors, cannot explain the return premia in Japan contradicts the assumption of arbitrage pricing theory (APT) in standard finance theory. This is because in APT, stock returns are assumed to be generated by unidentified factors such as risk factors and/or macroeconomic factors.
Third, regarding HML and SMB, their economic meaning and roles are still unclear. Regarding this matter, FF (1996, p.77) wrote that " FF (1993) interpret the average HML returns as a premium for a state-variable risk related to relative distress". However, the economic meaning of SMB was not discussed in any existing studies. Furthermore, Lakonishok et al. (1994 Lakonishok et al. ( , p.1574 explained that "value strategies appear to be no riskier than glamour strategies." This means that low-risk value premia, such as HML, do not fluctuate highly with the dynamics of the business cycle. If so, in bad times, HML does not behave badly like the distress risk factor but rather somewhat defensively against economic stagnation. If, as Lakonishok et al. (1994 Lakonishok et al. ( , p.1574 suggested, value premia have generally low risk, then high HML premia and their low risk are inconsistent with the risk-return trade-off paradigm, and this also contradicts standard finance theory.
Conclusions
In this paper, we examined whether one can explain the return premia of portfolios formed on size and BE/ME in Japan.
We tested four models by using the five risk factors and the seven macroeconomic factors used by Chen et al. (1986) . The three new findings obtained for Japan in this study are summarized as follows.
First, unlike in the US, the five risk factors, comprising the three FF factors and the momentum and reversal factors of Chan et al. (1998) , cannot fully explain the return premia of portfolios formed on size and BE/ME in Japan. Statistically significant positive alphas were observed for all 25 FF (1996) type portfolios, which are formed on size and BE/ME.
Second, we found that the representative macroeconomic factors of Chen et al. (1986) also cannot adequately explain the positive alphas left unexplained by the five risk factors. Our results imply that, contemporaneously, economic forces do not seem to influence strongly the return premia of portfolios formed on size and BE/ME in Japan.
Third, not only is there little contemporaneous relationship between the alphas left unexplained by the five risk factors and the representative macroeconomic factors of Chen et al. (1986) but also there is little evidence of any causal relationship between these macroeconomic factors and the alphas. Thus, it seems difficult to explain the positive alphas in Japan by conditioning on macroeconomic information as well.
These empirical results represent new findings for Japan, which are surprisingly different from existing findings for the US. The fact that well-known risk factors and macroeconomic factors cannot fully explain the return premia of size and BE/ME-ranked portfolios in Japan clearly suggests the limits of standard asset pricing models in Japan. In future work, we should find different factors to explain the return premia in Japan; however, we emphasize that it is not our aim in this paper. Instead, we believe that a more important matter for us is to recognize the limits of standard asset pricing models in Japan.
Furthermore, our results imply that one must assess the existing evidence more carefully, including studies of international markets, to deepen our knowledge of interesting, but sometimes puzzling, financial market characteristics from a more international viewpoint.
Appendix A. Construction of Fama−French, Momentum, and Reversal Factors
The sample period of data for factor constructions is from Second, the market return R M is the value-weighted return of all stocks in the Tokyo Stock Exchange (TSE) First Section, provided by the Japan Securities Research Institute (JSRI).
Third, the factor returns of SMB and HML for Japan are formed following FF (1993) . Individual stock return data for the constructions of SMB and HML are the returns of stocks listed in the TSE First Section, and they are from JSRI. At the end of September each year t (from 1981 to 2004), TSE First Section stocks are first allocated to two groups, small (S) or big (B), based on whether their September market equity (ME, stock price times shares outstanding) is below or above the median of ME for TSE First Section stocks. Next, TSE First Section stocks are allocated in an independent sort to three book-to-market equity (BE/ME) groups (low, medium, or high; L, M, or H) based on breakpoints for the bottom 30 percent, middle 40 percent, and top 30 percent of values of BE/ME for TSE First Section stocks, where BE is the book value of equity. The BE/ME ratio used to form portfolios in September of year t is the book common equity for the fiscal year t−1, divided by the market equity at the end of March in calendar year t. Following FF (1993), we do not use negative BE firms when calculating the breakpoints for BE/ME or when forming the size-BE/ME portfolios; and only firms with ordinary common equity are included in the tests. This means that Real Estate Investment Trusts (REITs) and units of beneficial interest are excluded. By these procedures, six size-BE/ME portfolios (S/L, S/M, S/H, B/L, B/M, B/H) are defined as the intersections of the two ME and three BE/ME groups. Value-weighted monthly returns on the portfolios are then calculated from the following October to the next September. We rebalance the portfolios every September following FF's (1993) suggestion: "We calculate returns beginning in July of year t to be sure that book equity for year t−1 is known (FF 1993, p.9) ." In Japan, the fiscal year for most companies closes not at the end of December as in the US but at the end of March; that is, the end of the fiscal year in Japan is three months later than in the US. Thus, we calculate returns not from July but from October of year t to September of year t+1, after rebalancing portfolios in every September of year t, to be sure that book equity for the most recent fiscal year is known in the Japanese market. SMB is the difference, each month, between the average of the returns on the three small-stock portfolios (S/L, S/M, and S/H) and the average of the returns on the three big-stock portfolios (B/L, B/M, and B/H), while HML is the difference between the average of the returns on the two high-BE/ME portfolios (S/H and B/H) and the average of the returns on the two low-BE/ME portfolios (S/L and B/L). The 25 size-BE/ME portfolios also used for the analysis in this paper, are formed in a similar manner as the six size-BE/ME portfolios used to construct the SMB and HML factors.
Finally, regarding the momentum factor return, UMD, and the reversal factor return, WML, we followed Chan et al. (1998) for the construction using the Japanese data. In particular, for the construction of UMD, we first reformed portfolios every six months beginning in July of each year according to the attributes of the past seven months' returns, from seven months before to one month before (Chan et al. (1998) denoted this attribute R(−7, −1)), while for the construction of WML, we reformed portfolios every July, according to the attributes of the past 49 months' returns, from 60 months before to 12 months before (Chan et al. (1998) denoted this attribute R(−60, −12)). We note that Chan et al. (1998) formed portfolios every April to be sure that the information of the attributes (past returns, here) are known in the US market. As with the construction of HML and SMB above, we delayed the portfolio formation time by three months in our case, taking into consideration the above mentioned fact that the fiscal year in Japan generally ends three months later than in the US. In our portfolio construction, following Chan et al. (1998) , we formed five portfolios by allocating the stocks with the lowest and highest values of the attributes to Portfolios 1 and 5, respectively. Using the above procedure, we obtain five portfolios ranked by the attribute R(−7, −1) and five portfolios ranked by R(−60, −12), respectively. The quintile breakpoints are obtained from the distribution of the attributes for the TSE First Section-listed stocks. Next, we compute the equally weighted return on each quintile portfolio; for R(−7, −1)-ranked portfolios, we calculate the subsequent six-month return, and for R(−60, −12)-ranked portfolios, we calculate the subsequent 12-month return. The mimicking portfolio returns, UMD and WML here, are then calculated each month: UMD is computed by deducting the calculated subsequent return of the lowest-R(−7, −1) portfolio 1 from the return of the highest-R(−7, −1) portfolio 5, and WML is calculated each month by deducting the subsequent return of the lowest-R(−60, −12) portfolio 1 from the return of the highest-R(−60, −12) portfolio 5, respectively. Hamao (1988) , p.50 for details.) Note 9. Although Chen et al. (1986) termed this variable the 'risk premium', it is in fact the so-called credit spread. Monthly return in percent of a value-weighted portfolio of the first section of TSE-listed stocks (Japan Securities Research Institute)
Appendix B. Summary Statistics for Risk Factors and Macroeconomic Factors
E[I(t)|t−1] (and E[I(t+1)|t]) were constructed as follows. First, according to Fisher (1965), R f (t−1) can be decomposed into two series, one for the expected real return for month t, E[ρ(t)|t−1], and the other for the expected inflation rate, E[I(t)|t−1], as follows: R f (t−1) = E[ρ(t)|t−1] + E[I(t)|t−1]. Then, following Hamao (1988), we assume the following relationship, based on a first-order moving average process: [R f (t−1) − I(t)] − [R f (t−2) − I(t−1)] = u(t) − θ·u(t−1). Given an estimate of θ, obtained by using the standard Box and Jenkins (1976) methodology, and given that R f (t−1) − I(t) = E[ρ(t)|t−1] + u(t), we obtain E[ρ(t)|t−1] = [R f (t−2) − I(t−1)] − θ ·u(t−1). Then, by using this series for E[ρ(t)|t−1], we can obtain the series for E[I(t)|t−1] (and that for E[I(t+1)|t]) from the equation R f (t−1) = E[ρ(t)|t−1] + E[I(t)|t−1].(See
Derived series Panel A. Macroeconomic innovations MPSA(t) [Industrial production monthly growth] log [IPSA(t) / IPSA(t-1)] E[I(t)] [Expected inflation]
Expected inflation in the sense of Fama and Gibbons (1984) 
UI(t) [Unexpected inflation]
I(t)-E[I(t)|t-1] (E[I(t)|t-1] was calculated in accordance with Hamao (1988), Fama and Gibbons (1984), and Chen et al. (1986)) DEI(t) [Expected inflation change]
E[I(t+1)|t] -E[I(t)|t-1] (E[I(t+1)|t] and E[I(t)|t-1] were calculated in accordance with Hamao (1988), Fama and Gibbons (1984), and Chen et al. (1986)) URP(t) [Risk premium]
BD(t) -GB(t) (yield difference in percent)
UTS(t) [Term structure]
GB(t) -R f (t-1) (yield difference in percent)
CG(t) [Consumption]
Growth rate in percent of real per capita seasonally adjusted private consumption (Real seasonally adjusted private consumption is from the Cabinet Office of the Government of Japan, and population estimates are from the Statistics Bureau,
Ministry of Internal Affairs and Communications) OG(t) [Oil prices]
First difference in the logarithm of domestic corporate goods price index (petroleum coal products) (Bank of Japan) Panel B. Fama and French's (1993) Chan et al. (1998) 
UMD(t) [Momentum factor]
Momentum factor of Jegadeesh and Titman (1993) following the construction method of Chan et al. (1998) 
WML(t) [Reversal factor]
Reversal factor of DeBondt and Thaler (1985) following the construction method of Chan et al. (1998) Notes: HML denotes the high-minus-low factor, which is calculated using the Japanese data, of the Fama-French (1993) model, and SMB denotes the small-minus-big factor, which is calculated using the Japanese data, of the Fama-French (1993) model, respectively. t (coefficient) denotes the t-value of the coefficient, and the t-values are adjusted using the Newey-West (1987) heteroskedasticity and autocorrelation consistent covariance matrix. Adj.R 2 denotes adjusted R-squared value, and s(e) denotes standard error of the regression. ** and * attached to the coefficients denote the statistical significance of the coefficient at the 1% and 5% levels, respectively. The sample period is from October 1981 to April 2005. 2.40 Notes: HML denotes the high-minus-low factor, which is calculated using the Japanese data, of the Fama-French (1993) model, and SMB denotes the small-minus-big factor, which is calculated using the Japanese data, of the Fama-French (1993) model, respectively. WML denotes the reversal factor, which is calculated using the Japanese data, of Chan et al. (1998) , and UMD denotes the momentum factor, which is calculated using the Japanese data, of Chan et al. (1998) , respectively. t (coefficient) denotes the t-value of the coefficient, and the t-values are adjusted using the Newey-West (1987) heteroskedasticity and autocorrelation consistent covariance matrix. Adj.R seasonally adjusted industrial production; UI: unanticipated inflation; DEI: the change in expected inflation; URP: the series for the risk premium (credit spreads); UTS: the series for the term structure; CG: growth rate in real per capita consumption; and OG: growth rate in oil prices. These variables were constructed by following Chen et al. (1986) from Japanese data. t (coefficient) denotes the t-value of the coefficient, and the t-values are adjusted by using the Newey−West (1987) heteroskedasticity and autocorrelation consistent covariance matrix. Adj.R Table 6 . Test results for Granger causality from seven macroeconomic factors to the alphas left unexplained by the three Figure 1 . Impulse responses of the alphas left unexplained by the three Fama−French factors and momentum and reversal factors to a shock to industrial production in Japan
